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Executive Summary

In the biological, or experimental, brain science field, understanding of the brain at the
molecule level has been greatly advanced owing to the progress in the molecular biology and
genome science fields. In parallel, functional understanding of the neural network has
remarkably progressed, where technical innovations for decoding the information process in
the entire brain are pushed forward, tied with the advancement of the brain imaging
techniques, namely fMRI and PET. On the other hand, theoretical brain science is based on
information science, which seeks to model the brain function at different levels and to develop
algorisms inspired by the brain structure. The prosperity of deep learning, which was
inspired by the network architecture of the visual cortex, is exactly the fruit of the theoretical
brain science, and a movement in the Al industry to learn the real brain to reinforce the

current Al system is noteworthy.

The biological brain science is one of the most fundamental life science fields for human in
that we try to uncover the reason for us to be human. The feature that brain science covers
different layers of structures and phenomena ranging from the molecular level (10710 m) to
the animal size (101-10° m) is characteristic. Each circuit level and its corresponding
molecular level has totally different temporal and spatial scales. Technical developments are,
therefore, required not only for studying each level but also for extending the study to
multiple levels, and measuring methods for multiple levels, e.g. cellular, circuit and whole
animal levels, have been widely developed. The outcome of brain science will also become a
fundamental basis of new therapies for brain diseases, and thus huge research resources
including top-down and bottom-up style grants have been invested, resulting in great

progresses in understanding of the brain at the molecular and cellular levels.

The experimental and theoretical brain sciences have developed like the wheels of a vehicle.
The approach in which huge models of multi-layered neural networks, i.e. deep neural
networks, are trained with big data is prosperous at the moment, and GAFA are pushing
developments of practical use of them forward aggressively. However, the inside of deep
neural network is left as a black box: how it learns is poorly understood, and Al which flexibly
learns from a bit of experiences, as the real brain does, has not been realized yet. The fruit of

theoretical brain science is expected for building next generation Al.

Bioscience has been moving from the traditional way that digs each research target in
depth to the comprehensive way which crosses multiple layers, such as genome,
transcriptome, proteome and metabolome, and bioinformatics which analyzes and
understands huge data consisting of multiple layers. The shortage of researchers who
understand both life science and informatics, or statistical science, has been claimed. In
Japan, it is recognized that mathematics and information science are not aggressively

incorporated into the undergraduate education for life science and that the informatics
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education programs after graduation are poor. While this "integration of dry and wet" issue
applies to all the bioscience fields, this report deals with a necessity of a qualitatively
different "integration" of biological brain science with theoretical brain science, such as
neural network modeling, which will be necessary for understanding of the brain function. In
experimental brain science, technologies producing huge amount of data from brain activity
are innovated one after another, and the necessity for information processing and theoretical
analysis methods to understand the huge data sets has become obvious. Information science
has been built into the education programs for life science and brain science in the united
states and EU, and young researchers who master both experimental and theoretical
methods are not rare. On the contrary, such cross-disciplinary educations are done not
systematically but as on-the-job trainings in each laboratory in Japan, leaving the situation
inefficient while the technologies are changing very rapidly. In Japan, there is little
undergraduate departments majoring brain science, and information science is very weak in
the college education in life science departments. And thus the number of experimental brain
scientists who can handle information science is very small. This fundamental difference
between Japan and others could emerge as an obvious gap in the scientific level in decades.
Training next generation brain scientists who understand both experimental and theoretical
sciences is an urgent issue for Japan to overcome this situation and keep its top-class level of
brain science. To achieve that, it will be necessary to improve the undergraduate and
graduate-level education programs together with active communications among and
changing ways of thinking of senior-level experimental and theoretical brain scientists. It is
also advisable to develop flexible research systems which support establishing
interdisciplinary research environment and a wide range of research activities of young

researchers.
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